A Statistical difference (P < 0.05) between saline-and turpentine-injected mice of the same genotype. B Statistical difference (P < 0.05) between mice of the different genotypes subjected to the same treatment (n = 3-4 animals per group per experiment).
Introduction
Interaction between the hypothalamic-pituitary-adrenal (HPA) axis, a main coordinator of the stress response, and the immune system during the inflammatory response is supported by a variety of experimental and human studies (1) (2) (3) . Activation of the HPA axis during immune stimulation is mediated by cytokines and is manifested by increased secretion of adrenocorticotropin hormone (ACTH), which ultimately stimulates synthesis and release of glucocorticoid from the adrenals. Increased glucocorticoid secretion serves to restrain further production of proinflammatory mediators, and thus to prevent propagation of the stress response (4) . Corticotropin-releasing hormone (CRH) (5-7) and ACTH (8) are also expressed in peripheral tissues, where they act as proinflammatory factors.
IL-6 is a proinflammatory cytokine whose effects on the HPA axis have been a subject of extended investigation, as its levels are increased during physical, psychological, and inflammatory stress (9) (10) (11) . The induction of IL-6 receptor in the paraventricular nucleus during inflammation supports the hypothesis for CRH-mediated stimulation of the HPA axis by IL-6 (12) , whereas a recent study concluded that the regulation of the HPA axis by IL-6 during immune activation is CRH-independent (13) . IL-6 administration in rodents induced ACTH and glucocorticoid secretion (14) (15) (16) . Prolonged administration of IL-6 in humans led to adrenal enlargement (17, 18) , and identification of IL-6 receptors in the adrenal cortex in mice has been postulated to mediate direct stimulatory effects of IL-6 on glucocorticoid release in this species (13) . These findings led to the hypothesis (17, 19 ) that IL-6 might be the "tissue CRF," a circulating factor identified almost half a century ago by its delayed (compared with central CRH) but prolonged stimulatory effect on HPA axis (20) .
Crh -/-mice have normal basal ACTH levels although they fail to mount the expected ACTH and glucocorticoid response after physiological or psychological stimuli (21, 22) , indicating that CRH is necessary for the activation of the pituitary-adrenal axis by these stressors. However, we have shown significant, although not as much as in the wild-type (Crh +/+ ) mice, elevation of corticosterone in Crh -/-mice during carrageenininduced acute inflammation (23) . Furthermore, in a recent report, normal HPA axis activation after stimulation of the immune system by administration of 2C11 was found in the Crh -/-mice, as shown by their plasma ACTH and corticosterone levels (13) . These data led to the conclusion that CRH is not required for a normal HPA axis activation in this condition, in support of the older studies on the nonhypothalamic humoral substance that can directly stimulate the secretion of ACTH (20, 24) .
Stimulation of the hypothalamic-pituitary-adrenal (HPA) axis by proinflammatory cytokines results in increased release of glucocorticoid that restrains further development of the inflammatory process. IL-6 has been suggested to stimulate the HPA axis during immune activation independent of the input of hypothalamic corticotropin-releasing hormone (CRH). We used the corticotropin-releasing hormone-deficient (Crh -/-) mouse to elucidate the effect of CRH deficiency on IL-6 expression and IL-6-induced HPA axis activation during turpentine-induced inflammation. We demonstrate that during inflammation CRH is required for a normal adrenocorticotropin hormone (ACTH) increase but not for adrenal corticosterone rise. The paradoxical increase of plasma IL-6 associated with CRH deficiency suggests that IL-6 release during inflammation is CRH-dependent. We also demonstrate that adrenal IL-6 expression is CRH-dependent, as its basal and inflammation-induced expression is blocked by CRH deficiency. Our findings suggest that during inflammation, IL-6 most likely compensates for the effects of CRH deficiency on food intake. Finally, we confirm that the HPA axis response is defective in Crh -/-/IL-6 -/-mice. These findings, along with the regulation of IL-6 by CRH, support the importance of the interaction between the immune system and the HPA axis in the pathophysiology of inflammatory diseases.
Turpentine-induced hind limb abscess, a well-established model of subacute inflammation in rodents (25) , is associated with very high levels of circulating IL-6, prolonged activation of the HPA axis (26) and metabolic alterations such as anorexia and weight loss (27, 28) . Studies in rats have suggested hypothalamic CRH as the mediator of the activation of the HPA axis during turpentine-induced inflammation, as administration of a CRH antagonist blocked the pituitary-adrenal response in inflamed animals (26) . In contrast, when the turpentine model of inflammation was applied to CRH receptor 1-deficient (Crhr -/-) mice, plasma ACTH and corticosterone levels were found similarly elevated to those of their wild-type littermates, with IL-6 levels significantly higher (two-to threefold) in the former (29) . This study suggested that during inflammation, in the absence of the CRH effect on the pituitary CRH receptor 1 (CRHR1), IL-6 stimulates pituitary ACTH secretion, resulting in a normal HPA activation.
In our study we applied the turpentine model of inflammation to the Crh -/-mouse to elucidate the role of CRH on the regulation of IL-6 expression and the activation of the pituitary-adrenal axis during inflammation.
Methods
Animal housing. Crh +/+ , Crh -/-, Il6 -/-, and Crh -/-/Il6 -/-mice of 129×C57BL/6 genetic background were housed with ad libitum access to rodent chow on a 12 hour light/dark cycle (lights on at 7:00 am). Animal housing and care was done according to NIH guidelines, and all experiments were approved by the Animal Care and Use Committee of Children's Hospital in Boston. All experiments were performed in mice of 2-4 months of age. Animals were housed individually at least 48 hours before each experiment. For the experiments involving daily monitoring of body weight and food intake, mice and their administered food were weighed before turpentine injection (see below) and every 24 hours for a total of 5 days after injection.
Adrenalectomy. Adrenalectomy and sham adrenalectomy were performed via the retroperitoneal route under avertin (2.5%) anesthesia, as described previously (23) . Pellets (40 mg; 25% wt/wt corticosterone/cholesterol) were made as described previously (23) and implanted subcutaneously in the adrenalectomized mice at the time of adrenalectomy to provide constant amount of circulating levels of corticosterone. Adrenalectomized mice were given 0.9% normal saline as drinking water and were left to recover for at least 6 days before any experimental procedure. Successful adrenalectomy was confirmed by evaluation of plasma corticosterone levels.
Induction of local inflammation and blood collection. Local inflammation was induced by intramuscular injection of 100 µl of turpentine oil into the right hind limb under avertin anesthesia. Control animals received a similar injection of 100 µl of sterile normal saline. Blood samples for hormone and cytokine levels were collected by retroorbital eye bleeding of conscious mice (four to five mice per group). Thus, a separate group of turpentine-or saline-injected mice was bled for each time point studied, i.e., 1, 4, 8, 16, 24, 36 , or 48 hours, as indicated in the figure legends. Blood collection was timed so that it always occurred at the same circadian time; namely, 1 one hour after lights had been turned on. After blood collection, mice were sacrificed by decapitation, and the pituitaries and adrenals were dissected aseptically and immediately frozen on dry ice.
ACTH immunoneutralization. For the experiments involving immunoneutralization of ACTH, 0.5 ml of ACTH antibody (titer 1:32,276; kindly provided by G.P. Chrousos, National Institute of Child Health and Human Development, Bethesda, Maryland, USA) was administered intraperitoneally 1 hour before and 5 hours after the injection of turpentine or saline to both Crh +/+ and Crh -/-mice. In a separate experiment, 1 ml of the same antibody was administered twice to Crh +/+ mice only.
Tissue preparation. After avertin anesthesia, mice were transcardially perfused with 4% paraformaldehyde in PBS 16 hours after the injection of turpentine or saline. Injected muscles were removed, post-fixed in 4% paraformaldehyde in PBS for 24 hours, dehydrated in increasing concentrations of ethanol followed by xylene, and embedded in paraffin. Sections (5 µM) cut in a rotary microtome (Reichert-Jung, Allendale, New Jersey, USA) were stained with hematoxylin and eosin (H&E) staining. Qualitative evaluation of tissue histology was performed independently by two investigators.
Semiquantitative RT-PCR
Total RNA preparation and RT-PCR. RNA from pituitary, adrenal, muscle, and liver from both Crh +/+ and Crh -/-mice was prepared using TRI reagent (Sigma Chemical Co., St. Louis, Missouri, USA). The quantity of RNA was estimated by spectrophotometry. Two micrograms of total RNA were used for cDNA synthesis initiated from random hexamer primers (Life Technologies Inc., Rockville, Maryland, USA) as we have described previously (30, 31) .
Mouse specific primers for the IL-6 (32) and β-actin (33) mRNAs were commercially obtained (Biosource International, Camarillo, California, USA). The sequence of the sense and antisense primers follows: Primers: size of product (bp); β-actin sense 5′-TCA-GAAGGACTCCTATGTGG-3′ 500; β-actin antisense 5′-TCTCTTTGATGTCACGCACG-3′; IL-6 sense 5′-TGGAGT-CACAGAAGGAGTGGCTAAG-3′155; IL-6 antisense 5′-TCTGACCACAGTGAGGAATGTCCAC-3′.
Amplification of the cDNA was done using the following conditions: 94°C for 3 minutes for denaturation, following by 25 cycles of denaturation (at 94°C) for 1 minute, annealing at 55°C or 62°C for β-actin or IL-6, respectively for 1 minute, and extension at 72°C for 2 minutes. Reactions were completed with an additional 3-minute extension at 72°C. PCR reactions were performed in a 100-ml volume containing 1x PCR buffer, deoxynucleotides (Roche Molecular Biochemicals, Indianapolis, Indiana, USA) at a final concentra-tion of 0.2 nM each, 30 pmol of the specific primers, and Taq DNA polymerase (PGC Scientifics, Gaithersburg, Maryland, USA). PCR products were analyzed by electrophoresis through 1.5% agarose gels.
Plasma hormone and cytokine assays. Blood samples were centrifuged at 1,925 g at 4°C for 10 minutes, and plasma was separated, aliquoted, and stored at -80°C until further use. Plasma ACTH (Incstar, Stillwater, Minnesota, USA) and corticosterone (ICN Radiochemicals Inc., Orangeburg, New York, USA) levels were measured using commercial RIA kits. Plasma IL-6 concentrations were measured by commercial ELISA kit (R&D Systems Inc., Minneapolis, Minnesota, USA).
Statistical analysis. In all experiments, each group consisted of three to six mice, and each individual experiment was performed at least twice. Data were analyzed by ANOVA, followed by Scheffe's and Fisher's least significant difference post hoc multiple comparison tests. For the experiments recording body weight and food intake, the analysis was performed by nonparametric tests. For all analyses, P < 0.05 was considered significant. In the figures where standard error bars are not visible, they are smaller than the resolution of the symbols.
Results

Time course of the response to turpentine
Hormonal and cytokine responses. The time course of the pituitary-adrenal response to turpentine administration of Crh +/+ and Crh -/-mice was evaluated by measurement of plasma ACTH and corticosterone levels at 1, 4, 8, 16, 24, 30, and 48 hours after the injection (Figure 1, a and b) . One hour afterward, either saline-or turpentine-injection corticosterone was significantly elevated in Crh +/+ but not in Crh -/-mice (Figure 1b) . This rise has most likely resulted from the pain of the injection, a stressor previously shown to cause no activation of the pituitary-adrenal responses in Crh -/-mice (34). Furthermore, lack of any significant rise in TNF-α, IL-1β, and IL-6 at the same time point (data not shown), suggests that this corticosterone rise is unlikely to result from activation of the immune system. No significant changes from the baseline values were revealed in the corticosterone levels of either genotype 4-48 hours after saline administration. Up to 4 hours after the turpentine administration, corticosterone levels in Crh +/+ mice were higher than those of the Crh -/-mice (Figure 1b) , suggesting the possibility of an earlier activation of the pituitary-adrenal axis in the former.
Levels of both ACTH and corticosterone in Crh +/+ mice peaked between 8 and 16 hours (Figure 1, a and b) and remained significantly elevated for 24-30 hours after the turpentine injection. In the Crh -/-mice, the rise of ACTH was not statistically significant at any time point studied (Figure 1a) , despite their marked corticosterone increase, similar to that of the Crh +/+ mice, from 8 up to 30 hours after the injection of turpentine (Figure 1b) . To confirm that this finding was not due to the small number (n = 4 animals per experimental group per genotype) of animals included in an individual experiment, we also analyzed the data from several experiments pooled together, which also did not reveal any statistically significant difference at ACTH levels at any of the time points studied (data not shown). Plasma IL-6 levels, measured in parallel to ACTH and corticosterone, were markedly increased in both Crh +/+ and Crh -/-mice 4 hours after the injection, peaked at 16 hours, and remained elevated for 30 hours after the injection (Figure 1c) . In Crh -/-mice, IL-6 levels were two-to threefold those of the Crh +/+ mice, whereas saline-injected mice of both genotypes had IL-6 levels below the detection limit (15.6 pg/ml) of our assay.
Metabolic response. Body weight and food consumption of turpentine-or saline-injected Crh +/+ and Crh -/-mice were monitored for 5 days after the injection. As shown (Figure 2a) 24 hours after the turpentine injection food intake, expressed as food intake/body weight, was decreased to a similar degree in both Crh +/+ and Crh -/-mice and had returned to the baseline level in both groups 72 hours after injection. In parallel, body weight reduced to the same percent in both genotypes starting as soon as the second day after the injection ( Figure 2b ). Saline-injected Crh +/+ maintained their body weight, although their food intake was reduced for 1 day after the injection. Interestingly, we found no change in food intake of the Crh -/-saline-injected mice.
Limb histology. Histological evaluation of the inflamed areas from both genotypes was performed 16 hours after the induction of inflammation, a time point previously shown to coincide with the peak of the local response (25) . Turpentine-injected Crh +/+ and Crh -/-mice raised a significant inflammatory response ( Figure 3 , b and d, respectively) compared with their saline-injected respective controls (Figure 3, a and c) . The inflammatory response of the Crh +/+ was significantly higher than that of the Crh -/-mice as judged by the leukocytic infiltration of the inflamed area ( Figure 3, b and d, respectively) .
Response to turpentine after adrenalectomy. We next evaluated the ACTH and IL-6 response to turpentine injection of Crh +/+ and Crh -/-mice that had their corticosterone clamped to the same level by adrenalectomy. Thus, turpentine-or saline-injected Crh +/+ and Crh -/-sham-adrenalectomized (sham), adrenalectomized (adx), or adrenalectomized and replaced with corticosterone (adx/cort) mice were studied 16 hours after the injection, a time point previously shown to correspond to the peak of the HPA axis and cytokine response (26) . Crh +/+ /adx mice had very high basal ACTH levels (data not shown), as expected by the loss of the negative feed- back effect of glucocorticoid, whereas no change in the basal ACTH levels was detected between the sham and adx Crh -/-groups, as has been reported previously (34) (data not shown). Plasma levels of IL-6 were significantly and to the same extent elevated in both the Crh +/+ and Crh -/-adx compared with the sham groups, as expected after the loss of the inhibitory effect of glucocorticoid ( Figure 4) . Interestingly, plasma IL-6 levels were significantly elevated in the Crh -/-adx/cort although undetectable in the Crh +/+ adx/cort mice (Figure 4) , despite their similar corticosterone levels (Crh +/+ 9.3 ± 2.1 µg/dl and Crh -/-7.8 ± 1 µg/dl).
Response to turpentine after immunoneutralization of ACTH. Plasma corticosterone and IL-6 levels were evaluated in saline-and turpentine-injected Crh +/+ and Crh -/-mice treated with an ACTH antibody as described in Methods. Cotreatment with the ACTH antibody did not block the corticosterone rise of the turpentine-injected Crh +/+ mice (Crh +/+ turpentineinjected versus Crh +/+ turpentine-injected/ACTH antibody administered mice: 47.7 ± 8.5 vs. 42.9 ± 2.5 µg/dl), and it abolished the corticosterone response of the Crh -/-mice (Crh -/-turpentine-injected versus Crh -/-turpentine-injected/ACTH antibody administered mice: 38.2 ± 4.2 vs. 13 ± 10 µg/dl). Furthermore, administration of ACTH antibody to Crh +/+ mice at twice the previous dose in a separate experiment did not reveal any effect on the corticosterone rise after turpentineinduced inflammation (Crh +/+ turpentine-injected versus Crh +/+ turpentine-injected/ACTH antibody administered mice: 32.6 ± 9.2 versus 53.4 ± 11.2 µg/dl). A significant elevation of the plasma IL-6 levels was found in the Crh -/-mice administered the ACTH antibody (Crh -/-turpentine-injected versus Crh -/-turpentine-injected/ACTH antibody administered mice: 1,285 ± 319 vs. 8,877 ± 922 µg/dl), although, to our surprise, in the Crh +/+ mice immunoneutralization of ACTH led to a significant reduction of the rise in IL-6 (Crh +/+ turpentine-injected versus Crh +/+ turpentineinjected/ACTH antibody administered mice: 736 ± 128 vs. 284 ± 43 µg/dl). These findings suggest that in the Crh +/+ mice, either the amount of the ACTH antibody administered was not enough to block the effect of the very high levels of ACTH on the adrenal, or in the presence of CRH there are factors additional to ACTH that may act as adrenal secretagogues. It is interesting that the release of corticosterone was abolished in the Crh -/-mice after the immunoneutralization of ACTH, despite the concomitant very high circulating IL-6 levels. These results suggest that the regulation of both the release of corticosterone and the secretion of IL-6 is different in states of CRH deficiency.
Hormonal response to turpentine in Crh -/-/Il6 -/-mice. Plasma ACTH and corticosterone levels were evaluated in Il6 -/-and Crh -/-/Il6 -/-mice 16 hours after turpentine injection and the results were compared with those obtained from Crh +/+ and Crh -/-mice at the same time point. As shown in Table 1 , basal ACTH and corticosterone levels did not differ between the four genotypes. However, after turpentine injection, plasma ACTH levels were significantly elevated in both Crh +/+ and Il6/ -/-mice, whereas Crh -/-and Crh -/-/Il6 -/-mice failed to mount any significant response. Plasma corticosterone levels were significantly elevated in Crh +/+ , Crh -/-, and Il6 -/-mice, whereas those of the Crh-//Il6 -/-did not differ from the basal values.
Tissue IL-6 expression in Crh +/+ and Crh -/-mice. IL-6 mRNA expression was analyzed by RT-PCR in pituitary, adrenal, liver, and muscle obtained from saline-or turpentine-injected Crh +/+ and Crh -/-mice. We were unable to detect any IL-6 expression in the pituitary of either saline-or turpentine-injected mice of either genotype (data not shown). IL-6 mRNA was detected in the adrenal of both saline-and turpentine-injected Crh +/+ mice 
Figure 5
Tissue IL-6 expression after turpentine injection. Total RNA from adrenal and muscle from saline-or turpentine-injected Crh +/+ and Crh -/-mice was subjected to RT-PCR for evaluation of IL-6 expression.
with significantly increased levels in the latter ( Figure  5 ). Interestingly, no band was detected in Crh -/-mice after either treatment ( Figure 5 ), even when the cDNA was subjected to further amplification (up to 45 cycles). IL-6 mRNA abundance was similar in the liver of mice of either genotype after saline-or turpentine injection (data not shown). This suggests that either liver IL-6 is not altered during inflammation, or that 16 hours after the induction of inflammation is well beyond the time of IL-6 induction in this tissue. Finally, IL-6 mRNA expression was assessed in the muscle of turpentine-or saline-injected muscles. Noninflamed muscles from either genotype did not show any significant expression, although similar abundance of IL-6 was detected in the inflamed tissues from both genotypes ( Figure 5 ). Given that the infiltrating leukocytes, most likely the cellular source of IL-6, are significantly less in the inflamed muscle of the Crh -/- (Figure 3) , it is possible that IL-6 expression is elevated in this tissue in the Crh -/-mice.
Discussion
We demonstrate here that the expression of IL-6 during inflammation is regulated by CRH in a tissue-specific manner. We also show that CRH is necessary for the induction of a normal rise of plasma ACTH during inflammation. We found that inflammation induced a similar rise in corticosterone in both Crh +/+ and Crh -/-mice (Figure 1b) , although we did not detect a statistically significant change in plasma ACTH levels in the Crh -/-mice at any time point after turpentine injection (Figure 1a) .
In previous studies, Crh -/-mice failed to mount a normal HPA response to a variety of psychological and/or physical stressors (21, 22, 35, 36) . We and others have shown that immune stimuli induce an HPA response in the Crh -/-mice, although not always to levels similar to those of the Crh +/+ mice (refs. 13, 23; and M. Venihaki and K.P. Karalis, unpublished observations). In a recent report, it was shown that after administration of 2C11, an immune system activator, Crh -/-mice elicited a normal adrenal response in the presence of ACTH levels significantly higher from those of the Crh +/+ mice (13) . This effect was attributed to their significantly elevated IL-6 levels, as intraperitoneal administration of IL-6 elicited a similar paradoxical ACTH release in the Crh -/-mice. Our findings during turpentine inflammation demonstrate similar to the Crh +/+ mice corticosterone rise in the Crh -/-mice despite their significantly compromised ACTH response. Although we have selected the timing for sampling in order to include the ACTH and corticosterone peaks and nadirs (26), we cannot exclude the possibility that we missed a significant rise in ACTH in the Crh -/-mice. We cannot also exclude the possibility that the rise in ACTH in Crh -/-mice is so small that it may be lost in the scatter of the ACTH RIA. However, even such a small rise might explain the normal corticosterone response of the Crh -/-mice as well as the blockade of this response by administration of the ACTH antibody (Figure 1b , and Results).
IL-6 levels in Crh -/-inflamed mice were two to three times higher compared with those of the Crh +/+ mice ( Figure 1c and Figure 4 ), in agreement with reports using other models of immune activation (13) . The very high levels of IL-6 in the Crh -/-mice despite their normal corticosterone rise, in addition to the further elevation of IL-6 after immunoneutralization of ACTH, suggest that the regulation of IL-6 secretion during inflammation is not CRH-independent. The above hypothesis is also suggested by the differences in the IL-6 levels between Crh -/-and Crh +/+ mice (Figure 1c) . In the former, immunoneutralization of ACTH blocked the corticosterone rise and resulted in the expected further increase. In the latter, although the administered dose of the ACTH antibody did not result to a detectable fall in plasma corticosterone levels, there was a significant reduction of the IL-6 levels that might reflect the corresponding changes in central and peripheral CRH expression. These findings, in addition to the flat HPA axis response of mice with CRH and IL-6 deficiencies (Crh -/-/Il6 -/-) ( Table 1 ) and findings from studies on IL-6-deficient mice (Il6 -/-) (37), suggest that IL-6 is not a CRH-independent regulator of the HPA axis during inflammation unlike in other states of immune system activation (13) , and even that after this stressor CRH and IL-6 may act in parallel to stimulate glucocorticoid secretion.
Crh -/-mice had a significantly lower inflammatory reaction compared with the Crh +/+ mice, as judged by tissue leukocytic infiltration ( Figure 3) . As we have shown previously, immunoneutralization of peripheral CRH significantly inhibited the carrageenin-induced granuloma in rats (5). Similar findings were reported recently by others and us after administration of a CRH antagonist to inflamed rats (38) or mice (23) . We believe that the reduced inflammatory response of the Crh -/-mice after turpentine administration is most likely due to their CRH deficiency and thus, lack of the peripherally expressed proinflammatory CRH. The contribution of peripheral CRH deficiency on the stimulation of pituitary ACTH by cytokines, shown previously to be preserved in immune-challenged rats administered Escherichia coli following removal of the medial hypothalamus (39, 40) , needs further study.
In our previous studies, we have applied the model of carrageenin-induced acute inflammation and found that Crh -/-mice exhibited a mild corticosterone increase compared with the Crh +/+ mice and a markedly diminished inflammatory response only after adrenalectomy (23) . The carrageenin-induced inflammatory response is mediated to a great extent by histamine and kinins (41) , whereas the turpentine-induced inflammation is mainly mediated by increased cytokine release (25) . The differences between the responses induced as just described might represent the variations in the peak of the inflammatory response and the nature of the proinflammatory mediators involved in each of these models.
CRH and IL-6 are potent anorexigenic factors for humans and rodents (42) (43) (44) (45) (46) . The resistance of Il6 -/-mice to turpentine-induced weight loss and anorexia (37) further demonstrates the critical role of IL-6 in these processes. Thus, the significant abundance of circulating IL-6 in the turpentine-injected Crh -/-mice may account for the similar changes in body weight and food intake in the two genotypes ( Figure 2 ) (47). To our surprise, food intake was normal in the saline-injected Crh -/-mice, although diminished in the saline-injected Crh +/+ mice (Figure 2, a and b) . This is to our knowledge the first study demonstrating a difference in food intake and parallel body weight change between Crh +/+ and Crh -/-mice. It is possible that saline injection, as a mild stressor, unmasked differences in food intake between Crh +/+ and Crh -/-mice resulting from the anorexigenic properties of CRH alone, while more severe stress paradigms alter the expression of various hypothalamic factors involved in the regulation of food intake (48) .
The tissue(s) of origin of the high IL-6 levels during inflammation in either Crh +/+ or Crh -/-mice has not been conclusively identified by our studies. The high levels of IL-6 in adrenalectomized Crh +/+ and Crh -/-mice ( Figure 4 ) suggest that the adrenal gland is not the main source of circulating IL-6 during inflammation. Increased expression of IL-6 in the adrenal of Crh +/+ mice during inflammation ( Figure 5 ) suggests that adrenal IL-6 may participate in the inflammatory process. Interestingly, IL-6 expression was undetectable in the adrenal of Crh -/-mice in basal state ( Figure 5 ), although inflammation did not induce its expression, in contrast to the Crh +/+ mice, suggesting that CRH, most likely of peripheral origin, is a major regulator of adrenal IL-6. The possibility that the infiltrating leukocytes in the inflamed tissue might be the source of the higher IL-6 expression in Crh -/-mice, as discussed above, needs to be further addressed by in vitro studies.
In summary, we have shown that CRH deficiency is related to paradoxically increased plasma levels of IL-6 that may act as a CRH-dependent regulator of ACTH secretion but not of glucocorticoid release. We also demonstrate a novel role for CRH as a major regulator of adrenal IL-6, which further supports the possibility of IL-6 being the previously identified "tissue CRF" (20, 24) . The significance of the tissue-specific regulation of IL-6 by CRH and of its contribution in the pathophysiology of inflammatory diseases (such as rheumatoid arthritis) characterized by high local expression of both these factors remains unclear.
